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INTZODUCTION 

Besidzs covering the w3rk accomplished during the folx-th 
q u a r t e r l y  report ing period, t h i s  r epor t  sumnarizes the  a c t i v i t y  
o f  the f i rs t  t h r e s  qua r t e r ly  r2pDrtins periods,  thus represent- 
i n s  a review o f  the  tasks  perf'ormed during the f i r s t  year o.f 
the  can t r ac t  . 
The f o l l w i n g  a b s t r a c t  i s  r e s t r i c t e d  t o  the work performed 
d u r i n g  the four th  report ing perriQd. 

AESTRACT 

AcC?.l,erm?t2r 14-225 was r e b u i l t  7 . 4 j . t h  new springs :.;hereby the 
Scotchweld 32-2258 was again appl ied i n  the spring-tD-svppDrt 
j a i n t s .  The fli~-r"l.ctp s m k  tes+,s r e sg l t ed  i n  s bandrridth 3f' 

255 micro g before tenperatyre s t e r i l i z a t i 3 n  and 453 nicr.s g 
a f t e r  ternperatu'rz s t e r i l i z a t i J n ,  vhi-cln. i s  t h e  b e s t  r e s u l t  o j t a i n  
ed so  far i n  t h i s  program. 



* 

1. 

Unexpected d i f f i c u l t i e s  with the var iab le  capac i tors  shmed up 
a l ready  urider standard appl ica t ion  conditions not  involving 
temperature s t e r i l i z a t i o n .  None of  the f o u r  w i l l  be used i n  
t h i s  program. 

SCOPE 

I n  a general  manner, i t  can be s t z t e d  t h a t  the e f f o r t  was 
concentrated on making the accelerometer r e s i s t a n t  t o  the 
temperature s t e r i l i z a t i o n  environment. Ethylene oxidde 
cornpatability was nDt considered f o r  any conponent contained 
within the outer  shell o f  t h s  accelerometer, which i s  t o  be 
hermetical ly  sealed.  This app l i e s  s p e c i f i c a l l y  t o  the meciiani- 
ca l  sensing system and t a  the e lec t ron ic  assembly. Nickel 
p l a t i n 2  will be appl ied f o r  silrface protectLon o f  t’ne o u t e r  
suxfaces o f  the accelerametir  where required.  

DETAI L 3  

I n  the  fol loxlng,reference t r i l l  f requent ly  be made t o  t h e  first 
th ree  q u a r t e r l y  technica l  r e p a r t s .  The f a l l o w i r g  a’ubreviaki3i-s 
wi l l  be used:  

Q u . R . 1  For the  f i r s t  qua r t e r ly  technica l  r e p r t ,  Eel1 2 2 T j D T t  

Number 60007-026. 

Qu.R.2 For the  second q u a r t e r l y  technica l  rep3r t ,  B e l l  Report 
N ~ m b e r  .5000;7-207 . 

Qu.R.3 Far t h e  t h i r d  qi;arterly technical  r e p s r t ,  B e l l  E2psr-t 
. Nvnber L%OO ( -02s.  

Referen,:? i s  made t o  Qg.R.1, pascs 18 thr3;i;h 21. 
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2.  

1.2 

1.3 

..' 

1.4 

program. 

Pendulum Desizn 

As explained i n  sec t ion  3.2 of  Qu.R.1, B e l l  proceeded i n  
t h i s  program with a comp5site aluminum pendiJlum design. 
The coilforms used i n  the  experimantation were supplied 
wi th  ou tz r  ?;moves a l l m i n g  d i r e c t  winding o f  the  torquer 
coil on ?he coilform. 
in t h =  de l iverable  accelerameter r a t h e r  than t o  r e t u r n  t o  
the monolithic beryllium pendulum. 
obtained a f t e r  temperature s t e r i l i z a t i o n  with the  experi- 

considered sa t i s f ac to ry ,  b u t  i t  is f e l t  t ' i a t  t h e  t r a n s i t i a r  
t3 the monolithic beryllium pendulum w331d m,t s igni2 icant -  
ly improve the  b ias  s t a b i l i t y  a t  t h i s  stag:c g t f  d c v e l o p w n t  
b u t ,  r a t h e r  introduce n m  problems relats3. t3 t h e  i m e r  
groove s t r u c t v r e  of  the imnoli3'nFc pendulum. 
t h a t  the c r i t i c a l  area is the  nis ter ia l  used t o  b n d  the 
s p r i n z s  t o  the pendglurn s v p p o r t s  r a t h e r  than the pendulum 
design.  

Sprinz Constant K, 

No new i npy t s  have c 3 m  up dyring the  i n v e s t i g a t i m  t:, 
e s t a 3 l i s h  t h e  f i n a l  val-Je oi' Ks.  An apprDpriat2 st~lldy 
i s  yncl?r ; jay on a sepa ra t e  prDSrnm. 

It i s  intended to  apply t h i s  design 

The b ias  s t a b i l i t y  

.mental a x e l e r m c t e r  o f  l a t z s t  cDnfiguration i s  not 

i t  appezrs 

Per  f3 rrmnc i? R e q i i i  renent  s 

According t 2  A r t i c l e  1, Section ( a )  
accel  srometer,  a f t e r  s t e r i l i z a t i a n ,  
reqvirements: 

( 2 )  o f  t h e  cont rac t ,  the  
s h a l l  meet the fo133liinC; 
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r: 

(I) Bias Error  5300 micro g maximum 
(ii) Bias Error  S t a b i l i t y  100 micro g 1 C 
(iii) Scale  Factor 1 ma/g k IO$ 
( i v )  Scale  Factor S t a b i l i t y  .05;: 1 c 
(4 Input  Axis  Alignment 2 15 Arc Minutes 
(vi) Input  Axis S t a b i l i t y  30 Arc Seconds 1 cr 
( v i i )  Frequency Response That o f  a c r i t i c a l l y  damaged 

second order  system with a 
c u t c f f  frequency n a t  less 
than 300 cps.  

A t  t he  o u t s s t  o f  t h i s  inves t iga t ion ,  i t  was known t h a t  a Node1 
111 B accelerometer o f  o r i g i n a l  des ign  w i l l  not' meet the  
reqvircments f o r  the bias  e r r 3 r  and $he b i a s  errgi- s t a 3 i l - i t y  
a f t e r  being submitted t 3  a temperature scak or' a h J t  120 hours  

a t  200 ai?, a r&ld envirmrnent cornpared t3 t h a t  o f  t w p e r a t u r e  
s t e r i l i z a t i o n .  ' A f t e r  S U C ~  a cure o f  120 nours, a t  200~37 t h e  

3 

- M3del 1113 acceleroneters  exhibi ted a bandwidth o f  a00 p 2  and 
m3re f a r  the n u l l  b i a s  returrz po in t s  fo lhwing  temperature 
soak$ 9f 6 h3urs a t  160°F. 

It was f e l t  a t  B e l l  tha t  the  per formnce  o f  the Model VII 
accelerometer v.ra:Jld n 3 t  d i r f e r  vsry rwch fratn t h a t  o f  the 
Model IIIB acce l2 r3mte r s  and a c t c a l  s t e r i l i z a t i a n  tes ts  wi th  
t h e  FIods1 V I 1  scZeler3cetgrs ~f 3 r i ; l n a l  d=.siz:.n have n3t >Zen 
csond;.st?d st 3-211. 
i nd ica t e  a p s s i k l s  ?an?,Jidth J? 1500 pz a r  t h e  'cias r 2 t r r n  
g 3 i n t s  3:  stan ?~r:? ;.Isdcl ' 4 T I  zcczl2r=n-:t:rs c h a t  :Z?-JZ b-.cn 

su3J . sz t zd  t o  t-.?.:? -rat:ire s t 2 r i l i z ? - $ i 3 : 1 .  

. .  

Rect?nt 9va l l1 :~ t i3r~s  p?rf3rme'-7 at JFL 
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with a temperature cmpensa t l Jn  netrarl;. 
understo3d t h a t  the s c a l e  f ac to r  s t a b i l l  t y  i s  t o  b e  deterrnined 
f r J m  meas1Jrements taken a t  a se lec ted  rcference tenperatzrc? 
o r  t h a t  the  values a r e  t o  be rzdvc.,ed t o  t ake  the e f f e c t  3f' 
deviat ions ~ f '  the a c t u a l  tempcratvre frJm t h e  reference 
temperature i n t 9  account Na dil7f'iculty i s  an t i c ipa t ed  i n  
meeting the sca l e  f s c t 7 r  s t s h i l i t y  req-Jlrement o f  .05$ lcr"; 

It i s  therefore  

Cancerning the  input  a x i s  a l ig rnnn t  2nd t h e  input  axis  s t a b i l i t ; r  
reference i s  nade t o  Qu.R.1,  pazzs  20 and 21. As explained, the 
aximuth anzle  OF the  s ens i t i ve  a x i s  t i i l l  n a t  be measured and, 
therefDre, the  s t a b i l i t y  o f  t h i s  angle will nQt be deteroinL2d. 

There i s  n3 d i f f i c z l t y  i n  ka in ta in ing '  the angle between ths 
sens i t i ve  axis anti t h e  seat ing surraee ~ r "  t h e  msi;:ltTu; &s\? 

w i t h i n  2 15 a r c  minutes 
the  va r i a t i ans  ~ f '  t h i s  anzle,  which 'is " b u i l t  in", a r e  s i ~ l ? ~ .  

F>r the r ,  g m e r d l  expzrienc? SILOXS that 

3. 

The envi r3ment  3?? tenperat,ixe s t e r i l i z a t i 2 n  h3s entailed 
invest igat i .3ns i n  tw3 main aress: 
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The inves t iga t ion  of the above named two main problem a reas  
was performed independently and w i l l  accordingly be represented 
i n  the sec t ions  3.1 and 3.2 of  this repor t .  

A t h i r d  problem area,  namely corrosion of  the  capacitance r ings ,  
which may o r  may not  appear, i s  no t  d i r e c t l y  connected t o  the 
temperature s t e r i l i z a t i o n  environment . Sticking o f  the pendulum 
t o  the capacitance r ings  i n  open loop operat ion has on 
occasion been observed i n  o ther  programs . 
on the capacitance rings were observed and cleaning o f  the  
capacitance r ings  eliminated the s t ick ing .  Such s t i ck ing  was 
observed a f t e r  temperature s t e r i l i z a t i o n  o f  the experimental 
accelerometer II-225. (For reference,  see sec t ion  3 of' the 
t e n t h  monthly technical  progress r e p o r t  covering Nay 1967 . ) 
T h i s  inc ident  prompted an inves t iga t ion  o f  appl icable  surface 
pro tec t ion  procedures. 

Minute white p a r t i c l e s  

Detai ls  a r e  given i n  sec t ion  3.3 of Chis 
. repor t .  

. .  

3.1 Sprin!-to-Support Bond 

AS mentioned i n  Qu.R.1, page 2, h e  bias s t a b i l i t y  of the 
accelerometer depends highly upon the bond between the 
spring tabs and the pendillurn s u p p r t s .  
t e s t  conditions,  re fe r red  t o  as f l i p - f l o p  soak tests 
(see  sec t ion  3.1.1.2 of t h i s  r epor t )  a measure f o r  the 
bias  s t a b i l i t y  can b e  es tabl ished.  
far been appl ied exclusively t o  accelerometers with 
adhesive spring-to-support bonds. I n  such e a e r i n e n t s ,  
conducted p r i o r  t o  the present  inves t iga t ion ,  it has been 
demonstrated t h a t  the bonding r a t e r i a l u s e d  i n  s tandard 
acce le rme te r s ,  nanely LCA-4/BA-9 epoxy, does not  withstand 
temperature s t e r i l i z a t i o n .  A major p a r t  o f  the present  

Using cant ro l led  

This t e s t  cethod has so  
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i n v e s t i s a t l o x  has therefore  been appl-t.ed t o  t he  i d e n t i f i -  
ca t ion  of more su i t ab le  bonding materials. 

Although an improvement o f  the order  o f  t h ree  t o  one has 
been achieved over t h e  bias s t a b i l i t y  obtained w th t h e  
LCA-&/BP,-g epoxy, t o  da te  no adhesive has been i d e n t i f i e d  
tha t  is considered s a t i s f a c t o r y .  
t h i s  s i t u a t i o n  migh t  a r i s o  was m t i c i p a t e d  and SOW 

thoughts were sper,t on a method t o  completely avoid the 
use o f  an adhesive i n  t h e  spring-t3-svpport j o i n t s .  
An apprgach using e lec t ron  beam welding or l a s e r  welding 

. was out l ined  ( f o r  re ferencs  see: 
of  a S t e r i l i z a b l e  Aerelemtwtei-, B e l l  Report  Hum'oer 
60002-440-1, Supplemnt TP3m'eer 1, Pases 13 through 7 7 )  . 
Because nev techniques a r e  involvect, t he  present  
progrim p rov ides  o n l y  f o r  preliminx-y inves t i za t i5n  i n  t he  

ed i n  sec t ion  3.2.2 of  t h i s  r epor t .  

. 

The p o s s i b i l i t y  that 

Proposa l  f o r  r)esfsn 

' area o f  l a s e r  w.slc?ing. I ' h l s  p a r t  o f  the e f f o r t  is 6escrl.b- 
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and the physical  q u a l i t i e s  of  the  bonding 
mater ia l  q u a l i t i e s  such as  the c c e f f i c i e n t  
o f  thermal expansion o r  the  hea t  d i s t o r t l s i  
temperature. These e f f o r t s  proved 
unsuccessful. 

I n  the present  program some efZor ts  were 
made t o  experinen t a l l y  determine the hea t  
d i s t o r t i o n  temperature of  tine adhesives 
under evaluat ion.  The main emphasis 
i n  a l l  o the r  t e s t s  was, however, placed 
on expe r imnta t ion  i n v Q l v i n 2  the 
i n t e r a c t i o n  o f  t he  a d h e s i k  with t he  
materials u s z d  i n  the  jo in tss ,  nanely 
beryllium copper, and aluminum. It was 

. .  . .  . . 
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Shear t e s t s .  

It sppcsrs t h a t  the  :)eel t e s t s  and thn 
sh=.ar t e s t s  a r e  mst  significant. 



C 

Model 

Date 22 . 4ugus t  1967 
10 BELL AEROSYSTEMS COMPANY 

~ t v n s a o "  0 .  . I L L  . c R o s C . c c  c o m c o m a ~ ~ o m  Page 

Cleveland Operatiana 60007-029 

i n t e r i o r  I n  addi t ion ,  cvring 
d i f f i c u l t i e s  were encountered. 
A t  this point  the t e s t s  t o  
determine the h e a t  d i s t o r t i o n  
temperature were dropped and 
a l s o  the decision made not  t o  
apply t h i s  type o f  epaxy i n  a 
func t iona l  accelerDmeter. 
Specimens made o f  the 1x4258 
epoxy xere found t:, be h3llow 
i n s i d e  aver a length D? a5ou-t; 
one i n c h .  When vi?cilum VELS 

applied &x-inc; t h e  cas t ing ,  
the prsLes d i d  nDt coze ~ i ! t  

even arid the attcr.i_sts t~ deter- 
mine tiis hea t  c ? i s t J r t i 3 n  
temcerakvr? xere dropped. The 
ZC-2258 m a k r i a l  was, hawever, 
a2p l l e5  i n  a i'unc:tixa!. zc.Zelei-- 
one ter  and renderscl thn ::est 
reSdl",s Dbtz in3d  to d s t s  
( S e e  Section 3.1.1.2 af this 
r e p o r t )  
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. A l l  t r a c e s  o f  grease were 
removed from the  metal par t s  by 

immersion i n  t r ich lore thylene .  

Tile d i f fe rence  i n  w e t t a b i l i t y  
of  the three  adhesives on 
aluminvm a l l o y  3003 and 
Berylco 25 were determined by 

means of  a s e s s i l e  drop t h a t  
had been cured on each metal 
surface.  The contact angle 
of' the  adhesive drops with 
each 'metal surface was compared 
b y  means 3i' v i s d a l  observati3n 
a t  1OX m a g n i f i c a t b n  u s i n g  a 
binacu l a r  triic ra  s c - 3 ~ ~ .  . 
Easzd upon this s u b j e c t i v c  

.conparisan 3f' t:is wettaBili2>- 
of  the nstals by t h e  a d h e s i v ? s ,  
they were r a t e d  as m t e d  Below 
good, fa i r ,  o r  p w r :  

Alurnimlrn 3003 Berylco 25 
EC - 13 53 p x r  poor 
EC-2256 good go3d 
BU-120D f a i r  p o d  

Tensi l?  specir.ens b:ere prepared 
b y  malcinj 3/'b4" wid2 x 3" Ion3 
spec imas  o f  aluminum 3033 
and Berylco 25 5andeG t3z;etizer 
with each 3.f t he  three adhesives 
and cur?d at 325 0 7 f o r  1/2 h D u r .  

t o  180° peel t e s t s .  

The b n d s  wsre thzn subjected 
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It appears s i g n i f i c a n t  t h a t  the 

EC-2258 epoxy, which r a t e d  
good i n  the wetting and bonding 
t e s t s  and which passed the pee l  
t e s t  gave the best bias  s t a b i l -  
i t y  so far obtained i n  an 
accel-erorneter t ha t  has been 
suS j ez t ed  t=, temperature 
s t e r i l i z a t i o n .  It may a l s o  
be  pa in ted  o z t  that the  EC-2258 
r a t e d  i n  the shear t e s t s  (Sse 
the follorJinS Sect ion)  . 

3.1.1.1.3 Shear Tests  

(For m r s  detail see Gu.E.2, 

Sect ia ;?  1.1.1) 
. Sectio:: 1.1.2 and Qu.R.3, 

The shear t e s t  spzcirnens, as 
Shawn on page 5 of' Qu.R.2,  a r e  
d e s i p 3 d  t:, r e f l e c t  the a ~ t u a l  
c3nditi2ns ir! t h e  a c c e l e x n e t e r  
Reprzs2nting th2 pendti 1-211 
s u p p a r t s  are bars  ria& of 
a1vrnim:n a l l o y  2003. One end 
of' each bar i s  s!.?tted t o  allov: 
aboyt  1/2 i n c h  p e n s t r a t i J n  o f  
the Bsrylcr, 25 p l a k s  represent  

f i l l e d  x i t h  adhesive ax-? ir,c!lcs, 

t ed  on t h e  draxinz ,  paze 5. 

in; the s p r i n g s .  n. i n e  a rzas  
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The physical  q u a l i t i e s  o f  the 
bond a r e  described by  t h e  

rupture  load, the rupture  
s t r e s s ,  the  distribution ,of the 
adhesive remaining on the 
alurrinvrn and/3r 3n the  Bery lco  
25 a f t e r  rupture and b y  the 
widening o f  the s l o t s  i n  the  
aluminum pa r t s .  
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The mapture load appl ied to  
each s m p l e  was d i r e c t l y  
rneasGred. 
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t he  aluminum o r  on the  Berylco 
25 i n t e r f ace ,  b u t  n o t  p a r a l l e l  
t o  these  surfaces through the 
adhesive l ayer .  I n  some cases,  
the adhesive was found t o  adherc 

i n  patches t:, the aluminum 
while t he  balance remained 
a t tached  t o  the  Berylco 25. 
I n  o t h e r  cases, the  adhesive 
was found t o  separate  complete- 
l y  from e i t h e r  the aluminum o r  
t he  Berylco 25. The d i s t r i b u -  
t i o n  o f  t he  remailling adhesive 
was found occas iona l ly  to be 
very d i f f e r e n t  on both sides of 
and the same specimen even t 3  

the  poin t  where t he  adh.zsiv3 
r:ould remain e n t i r e l y  a t tached 
'to the alvminun 3n 3n-3 s"e and 

t o  t he  3erylca 25 on the o t h e r  
sic2 o f  the  sprci~en. Lizted 
i n  t he  t ab le s  containixz the 
t e s t  r e su l t s  i s  the percentsze 
- estimated 3y eye - o f  t h z  
rem2:ii .~;  c3sera;;e 9i' the 
bondin5 are2 3n th-. SerylrYO 
Is -  ~3 mat-.rial f o r  esch s l ? k  qf 

. t'ne b a r  of xhich 3nc .sick vias 

arbitrarily d e s l y a t e d  as 

size  A ,  th? o t h e r  as si5e B. 

. .  

me 

* 
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specimens , t h e  separat ion 
occurred maj-nly i n  the  epoxy 
l aye r  p a r a l l e l  t o  the bonding 
surfaces.  A c h a r a c t e r i s t i c  
p a r t i c u l a r  t o  the specimens 
made with the  Scotchweld 
EC-2258 epoxy, a s i g n i f i c a n t  
widening o f  the  slot a r e a .  
in the  aluminum parts  a f t e r  
separation, was n o t  found i n  
o t h e r  specimens 

Four specimens were made with 
each type of' epoxy l i s t e d  
be low : 

BU-!.PT)D 

Ablecast 
147- 1.. 

EC-2258 

2850 x/ii 

L C A  - b/3A - 9 

Pi t t sburgh  F l a t e  
Glass Cc~mpany 

The. Ablesti!; 
Adhesive C~npar,y 
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Two samples o f  each type were 
sukrnitted t o  the temperature 
s t e r i l i z a t i o n  envirDnmmt, 
360 h3urs a t  275OF. 
of  the shear tes ts  a re  l i s t e d  
on page 7 o f  Qu.R.2 and on 
page 5 of Qu.R.3 ( t h e  experi-  
mentation d l d  no t  extend i n t o  
the  fou r th  q u a r t e r l y  r e p o r t i n g  
per iod) .  

The r e s v l  

' It may b e  nated tha t  the r e s u l  
obtained on  sF-3cir;en $5 
(Ablecast 147-1) l n d i c a t e  that 
no b3nd a t  all -,:as a c h i e v ~ c ~ ;  
40 l b s .  is J , ~ s t  t h ?  hac!  
n?ede? t3 3T:erc3me the f r i c t i c , ~  
whil? s e p z r - ? t L n ~  t l z e  ,art3. 

Irl thl f3llq'.Jin,7 21T111JJ1??-3:1 9: 
the t e a t  res7-;lts, s w ) ~ c . I . n ~ r ~  ,; I -  2 

has 'men  -?isrzzarjer!. 

The main observat ions that 
appear important i n  the  c o r r e l -  
a t i o n  of the shear t e s t  r e s u l t s  
with the  bias  s t a b i l i t y  obtainc 
before and a f te r  temperature 
s t e r i l i z a t i o n  i n  f 'unctional 
accelerometers are l i s t e d  belov 

Item 1, . I n  all cases,  tempers 
t u re  s t e r i l i z a t i o n  
has reduced the  bond 
s t rength .  
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Item 2. The bond s t rength  of 
t h e  EC-2258 epoxy 
was the l e a s t  a f f e c t e d  
by temperature s t e r i l -  
i z a t i o n .  Th i s  epoxy 
l o s t  only 21$ (average 
of Its bond s t rength ,  
comparing t o  a loss o f  

418 i n  the case o f  
Ablecast 147-1 and 53$ 
i n  t he  case o f  LCA-4/ 
BA-9. 

Item 3. The EC-2258 epoxy 
showed the highest  bonl 
s t r eng th  before a3 we1 
as a f t e r  temperature 
s t e r i l i z a t i o n .  

I t e n  4. Texzperature s t e r i l i z a -  * ’  

t i o n  tends t o  loosen 
the  bond betveen the  
adhesive and the  
Berylco 25 materiitl. 
The Ablecast 147-1 
epoxy i s  the only  
exception. 

I t e n  5.  Generally, the bond 

. .  

breaks a t  the in te r fac t  
between the adhesive 
and the opposing metal 
p a r t .  The LCA-4hA-9 
epoxy marks the except- 
i on  t o  t h i s  rule, btlt  
only before temperaturf 
sterilization. 



. .  

. .  

Item 6. The specimens made w i t 1  
the  EC-2258 epoxy 
showed an appreciable 
widening of the  s l o t  
a r ea  i n  the aluminurn 
p a r t ,  both before and 
a f t e r  temperature 
s t e r i l i z a t i o n .  

Attempts t o  c o r r e l a t e  the  shear  
t e s t  r e s u l t s  wi th  the bias 
s t a b i l i e y  observed i n  func t iona l  
accelerometers a r e  l i m i t e d  t o  
three  types of epoxy namely 
EC-2258, Ablecast 147-1 and 
LCA-4/BA-9. 

After temperature s t e r i l i z a t i o n ,  
the accelerometer b u i l t  with 
EC-2258 showed. the bes t  b i a s  
s t a b i l i t y  (see the following 

. sec t ion  3.1.1.2) c lose ly  
followed by that b u i l t  with the  
Ablecast 147-1 epoxy. As s t a t e d  
before, t he  LCA-b/BA-g bond 
d e t e r i o r a t e s  when exposed t o  an 
environment fzr l e s s  sevzre than 
t h a t  of tenperature  s t e r i l i z a t i o r  

I t e m  2, 3 and 6 noted above tenc 
t o  explain the  s u p e r i o r i t y  o f  the 
EC-2258 over  the  Ablecast 147-1 
and the  LCA-Q/BA-g epoxles a f t e r  
temperature s t e r i l i z a t i o n .  
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Item 4 tends t o  favor the 
Ablecast 147-1 epoxy and may 
explain,  why the post  s t e r i l i z a -  
tion bias s t a b i l i t y  i s  not  as 
much I n f e r i o r  t o  that obtained 
with the  EC-2258 epoxy as the 
much lower bond s t rength  o f  
the Ablecast 147-1 epoxy would 
lead t o  expect. 

, 3.1.1.2 

Item 5 may explain the good 
performance obtained w i t h  the 

* LCA-4/B,9-9 epdxy i n  a l l  programs 
not involvfing tenperatvre  
s t e r i l i z a t i o n  or operat ing temp- 
e r a t u r e s  above 145OF. ' 

Bond Evaluation i n  ,Yunctional Acceleronete: 

A c e r t a i n  tType of test2ns, r e fe r r ed  t o  as 
f l i p - f lop  t e s t i n g  has evolved as a rnethQ$ 
t o  evaluate t h e  q u a l i t y  o f  the spring- 
to-support bonds of  an  accelerometer. To 
date, t h i s  method has been used exclusive12 
on accelerometers f e a t u r i n s  adhesives 
ra ther  than soldered bonds. 
ment leading t o  the  use of adhesives i n  
the spring-to-support j o i n t s  and t o  the 
appl icat ion o f  the  f l i p - f lop  soaks i s  
described i n  d e t a i l  I n  Bell Report No. 
60002-440-1, Supplexent No . 1, "Proposal  
for Design of a S t e r i l i z a b l e  Accelerometer' 

The f l i p - f l o p  t e s t  used i n  the present  
program i s  described i n  Qu.R.2, pagea 12 
through 14. It d i f f e r e s  somewhst from th3 

- - 

The develop- 

o r i g i n a l  f l i p - f l o p  tes t  procedure: i n  

, 
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previous programs hot  soaks have a l te rns tec  
w i t h  co ld  soaks; i n  the present  program hot 
soaks only are appl ied (8 hours a t  1 6 O O F )  
During the ho t  soaks, the input  axis i s  
al igned with the d i r e c t i o n  of  g r a v i t y  b u t  
reversed 180’ a l t e r n a t i n g l y  from soak t o  
soak so  that ,  if a p o s i t i v e  Input  d i r e c t i o  
I s  defined, the  d i r ec t ion  o f  g r a v i t y  will 
coincide with t h e  pos i t i ve  Input  d i r e c t i o n  
i n  one soak ( f l i p  pos i t ion)  and w i l l  be 
In opposi t ion ( f lop  pos i t ion)  during the 
following soak, S ix  soaks c o n s t i t u t e  a 
complete t e s t  cycle ,  Dur-ing the soaks no 
power i s  appl ied.  All readings on the 
f’unctioning accelerometer a r e  taken a f t e r  
the instrument has s t a b i l i z e d  a t  room 
temperature: The f i rs t  readings before  
the first soak and o the r  readings followiw 
each o f  the  s ix  soaks, The bias values 
thus determined a r e  p l o t t e d  i n  sequence. 
The l i n e  connecting the  poin ts  represent i rq  
the bias  values genera l ly  emerges as a nore 
o r  less regular  saw too th  diagram, 
bandwidth of t h i s  diagram fbrnished a 
measure for tine q u a l i t y  of  the bond, 
e f f e c t s  of temperat1Jre s t e r i l i z a t i o n  cn 
the  bond are evaluated by conpsrlns the  
banddidth obtained aft e r tempera t u  re  
s t e r i l i z a t i o n  t o  t h a t  obtained before 
temperature s t e r i l i z a t i o n .  

The 

The 

I n  Model 111~-8 accelerometers b u i l t  with 
LCA-4,’EA-g i n  the spring-to-support  j o i n t s  
the bandwidth increased from a typ ica l  
250 ,ug t o  values up t o  800 pg when the  
accelerometers were submitted t o  a postcure 
of 120 hours a t  200°F, which I s  a mild 
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environment compared t o  t h e  temp r a t u r e  
s t e r i l i z a t i o n  cycle  o f  360 hours  a t  275'F 
appl ied i n  t h i s  program. 
inves t iga t ions  performed a t  JPL on Rodel 
mIB-5 accelerometers, temperature s t e r i l i -  
za t ion  r e su l t ed  i n  a bandwidth o f  up t o  
1500 pg, as a l ready  mentioned i n  sec t ion  
2 of t h i s  repor t .  

I n  recent  

I n  the  present  program the  f l i p - f lop  soak 
t e s t  has been appl ied t o  evaluate  two 
types of epoxies; namely, the Ablecast 
147-1 and the Scotchweld EC-2258. 
t o  evaluate the  Bondmaster 620 epoxy were, 
abandoned because o f  d l f f l c u l t i e s  
encountered i n  the  process o f  building of  
the acceleroneters  ( f o r  rezerenee see 
Qu.R.1, page 6 ) .  

Atteapte 

3.1.1.2.1 Ablecast 147-1 
~ ~~ 

I .  . For de t a i l ' s  see Qu.R.1, pazes 
10 through 17. The graph 
showing the r e s u l t s  of the 
f l i p - f l o p  soak t e s t s  i s  contain? 
on page 16 of Qu.p.2. 

Folloiving thne preliminary tests, 
two temperature runs were 
performed on acceleroneter  14-225 
which was b u i l t  with the 
Ablecast 147-1 epoxy i n  the  
spring- to-support  j o i n t s  . The 
v a r l a t i o n  o.f n u l l  b i a s  with 
temperature was found t o  be 

2.64 micro g ' s  per  OF i n  the  
first run  and 2.98 micro g's 
per  OF i n  the second, which can 
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The bias values obtained duriw 
the  following f l i p - f lop  soak t e  
are l i s t e d  on page 15 of  
Qu.R.2. The p a t t e r n  i s  regular  
and shows a bandwidth of  240 
micro g. 

After  the first f l i p - f lop  t e s t  
cycle ,  the  func t iona l  e l e c t r o n i  
assembly on accelerometer M-225 
was replaced by a non-functions 
e l ec t ron ic  assembly. This was 
done i n  order  t o  avoid damage 
t o  the funct ional  e l ec t roMc  
assembly d u r i n g  tenperature  
s t e r i l i z a t i o n . .  Such damage 
could have a f f ec t ed  the post-  
t empera ture-s te r i l i za t ion  
perfornanee of  the u n i t  and 
thus obscured the e f f e c t s  
under inves t iga t ion  of  the 
temperature s t e r i l i z a t i o n  on 
the spring-to-support bond. 

U n i t  14-225, provided with the  
non-functional e l ec t ron ic  
asserr,bly was f i l l e d  with Helium 
and hermetical ly  sealed.  Tne 
accelerometer was submitted t o  
a temperature of  275OF f o r  360 
hours. Then the f’unctional 
e l ec t ron ic  assembly was re-  
i n s t a l l e d .  Again two t e q e r a -  

t u r e  runs .were performed. The 
f i rs t  showed a va r i a t ion  o f  

t 
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-4.7 micro g pe r  OF, the  
second p r a c t i c a l l y  zero vasia- 
t i on .  The poor r e p e a t a b i l i t y  
was i n t e r p r e t e d  as a s ign  of 
d e t e r i o r a t i o n  of  the bias 
s t a b i l i t y  as a consequence of 
the  temperature s t e r i l i z a t i o n .  

The f l i p - f l o p  soak t e s t  cyc le  
performed t h e r e a f t e r  r e s u l t e d  
i n  a bandwidth of  555 micro g. 
Since the  accelerometer has t o  
meet the requkrement t h a t  the 
null bias should not exceed the 
limits of k 300 d c r o  g, t h i s  
r e s u l t  was not considered 
s a t i s f a c t o r y  a l l  the more as 
the  average of the n u l l  bias 
had s h i f t e d  abou t  350 micro g 
from before t o  a f t e r  t e q e r a -  

I .  t u r e  s t e r i l i z a t i o n .  The search 
f o r  a b e t t e r  adhesive was 
continued. Based on t i e  pre- 
s e l e c t i o n  t e s t s  the Scotch:reld 
EC-2258 was chosen. 

3 . 1 . 1 . 2 . 2 Sco tch?;eld E-2258 

Af ter  the. I n i t i a l  t es ts ,  two 
temperature runs were performed 
with accelerometer M-225 which 
had been r e b u i l t  with Scotch:.Jelc 
EC-2258 epoxy i n  the spriq,- 0. to -  
support j o b n t s .  The average 

is considered good perfomance. 
It was, however, observed tha t  

slope of -2.14 micrc, g per  0 P 
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the r e t u r n  po in t s  t o  room temper; 
t u r e  showed a r a t h e r  l a rge  spreac 
(See Qu.R.3, page 7).  

A f l i p - f lop  soak t e s t  cycle  was 
then performed. The bias reading 
are l i s t e d  i n  Qu.R.3, page 8, the 
graph showing them i s  contained 
on page 9. The p a t t e r n  i s  not  
very regular and a bandwidth 
hard ly  def inable .  Tentat ively 
a bandwidth of  about 300 micro g 
could be suggested. 

Immediately following the flip- 
f l o p  soak tests a c e r t a i n  s t i c k f n  
of  the pendulum t o  the capacitanc 
rings was noticed. During the  
next  days the accelerometer was 
under observat ion and the s t i c k i n  
condi t ion was found t o  g e t  worse, 
It was t h i s  happening t h a t  
t r iggered  the inves t iga t ion  
descr ibed i n  sec t ion  3.3.1 of  
t h i s  r epor t  concerning the surfac 
p ro tec t ion  of  the capacitance 
rings. The a c c e l e r o m t e r  vas 
taken a p a r t  and the capacitance 
rings were c lemed.  During the 
process of  re-asse!l'oly, the s p r l n  
were acc identa l ly  broken. Becaus 
the  reference t o  the flip-flop 
soak t e s t  previously performed 
was l o s t ,  i t 'was  decided t o  repea 
t h i s  t e s t  a f t e r  rebui lding with 

new springs.  Before the second 
f l i p - f l o p  soak 

J 
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t e s t  was undertaken, two 
temperature runs were performed 
the f i rs t  before hermetical  
sea l ing  of the accelerometer; 
the  second a f te r  sea l ing  t o  
confirm proper performance of  
the  accelerometer. The r e s u l t s  
are l i s t e d  below i n  Table I. 

TABLE I. VARIATION OF BIAS WITH T E T P ~ A T U R E  IN UNIT M-225 
After Rebuilding wi th  New Springs 

CONDITION 

Before 
S t a r t  

TEMPERATURE OF 

76.0 

High 124.9 

Return 74.0 
Seal ing 

BIAS pg SLOPE p g P F  

-551 

-550 

-5s1 

S t a r t  

High 

Return 

After 

Seal ing 

74.2 . -770 

124.2 . -598 

74.0 -790 

+2.25 

+2.97 

+3.44 

+3.82 

It appears t h a t  the hermetical  
sealing d i d  not  appreciably 
inf luence the performance o f  t h c  
acceleroceter .  The b ias  s h i f t  

' experienced was to b e  expected. 
It w i l l  be noted t h a t  before 
the rebui lding o f  the acce lero-  
meter an increase in temperature 
r e su l t ed  i n  a negative b i a s  
d r i f t ,  a f t e r  rebui.ldirg in a 
pos i t i ve  d r i f t .  The s lope 
experienced a f t e r  rebui lding i s  
higher  than the slope before 
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r e b u i l d i n g  b u t  i t  i s  still 
well within exceptable l i m i t s .  

Following the temperature runs, 
, accelerometer El-225 was subject(  

to a f l i p - f l o p  soak t e s t  cycle .  
The r e s u l t s  a r e  l i s t e d  below i n  
Table 2. The graph, page 30 
shows the corresponding 
sawtoot;h diagram. 

TABLE 2. F'LIP-FLOP SOAK TEST RESULTS 
(Before Temperature S t e r i l i z a t i o n )  

BIAS I N p g  
Before the f i rs t  "Fl ip"  soak -1489 
After  t he  f irst  "Flip" soak -1636 

After  the second "Fl ip"  soak -1661 
After the second TrFlopl' soak -1485 
A f t e r  the  t h i r d  "Flip" soak -1701 

After the first "Flop" soak -1446 

After the t h i r d  "Flop" soak -1462 . .  

The above r e s u l t s  may be 
compared t o  those obtained befoi 
the rebui lding o f ,  the accelero-  
meter wi th  new springs. 

The f l i p - F l o p  diagram i s  much 
nore regular  a f t e r  rebui lding.  
The band4d th  of  255 pg i s  
comparable t o  t h a t  obtained w i t 1  
the Ablecast 147-1 epoxy i n  the 
spring-to- support j o i n t s  . 
(See Monthly Technical Progress 

Report No. 5 ,  page 3). 
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The bias a t  room temperature 
a f t e r  the second temperature 
run was -790 pg; the  bias 

before the f i rs t  ' ' f l ip" soak wai 
-1489 pg, which c o n s t i t u t e s  
a bias sh i f t  of  -699pg. T h i s  
I s  a r a t h e r  high change even 
considering t h a t  the temperaturl 
runs and the f l ip - f lop  soaks 
were performed on d i f f e r e n t  
t e s t  s t a t ions .  It was, however, 
decided t o  continue the f l i p -  
f lop  soak t e s t s  once they had 
s t a r t e d  i n  order  t o  avoid a 
f 'urther disturbance of the 
accelerometer . 
It was i n i t i a l l y  intended t o  

.determine experimentally how 
much the change of  staCYion 
contr ibuted t o  the change of  
n u l l  bias.  This  experiment, 
however, could not be c a r r i e d  
out  because the e lec t ron ic  
assembly E7 f a i l ed ,  as w i l l  be 
seen, i n  temperature s t e r i l i z a -  
t ion ,  and the reference was 

. l o s t .  The electronic-assembly . 

#7 was l e f t  a t tached t o  the  
mechanical assembly M-225 during 
temperature s t e r i i i z a t i o n  i n  t h e  
hope t h a t  It would survive and 
that the time involved i n  
replacing E7 by a non-functional 
assembly and i n  r e - Ins t a l l i ng  
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E7 could be saved, For the 
case of  f a i l u r e  the  standby 
e l ec t ron ic  assembly H6 was 
held ready. 

. .  

When t e s t i n g  of accelerometer 
M-225 was resumed a f t e r  temper2 
t u r e  s t e r i l i z a t i o n  i t  was found 
that the  e l ec t ron ic  assembly E‘j 
had indeed f a i l e d .  It gave 
no output. Inspect ion showed 
t h a t  the  c o l l e c t o r  r e s i s t o r  
of the type RN55D was open, 

r e s i s t o r  the e l ec t ron ic  assembl 
s t i l l  d id  not funct ion and i t  
was replaced by the Bac’kup uni t  
H6. 
E7 w i l l  be reported on in 
sec t ion  4, Electronic  Assembly, 

* After  replacement of t h i s  

The pos t  mortern of u n i t  

o f  th i s  repor t  . 
The bias readings taken during 
the  f‘llp-flop soak t e s t  cycle 
performed a f t e r  tempera,ure 
s t e r i l i z a t i o n  a r e  listed i n  
Table 3 below: 

... 
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TABLE 3. FLIP-FLOP SOAK TEST RESULTS 
(After  temperature s t e r i l i z a t i o n )  

Before the  f i rs t  rrFl ip"  soak -826 
After  the f irst  "Flip" soak -952 
After  the f irst  "Flop" soak -512 
After  the second "Flip" soak -965 
After  the second "Flop" soak -603 
After  the t h i r d  "Flip" soak -882 
After  the t h i r d  "Flop" soak -605 

BIAS IN p g  

. .  . 

. .  . .  

The bias pointas a r e  p l o t t e d  i n  
the graph page 30, the same 
i n  which the pre  -s t e r i  l i z a  t i on  
r e s u l t s  a r e  shown. The band- 
width of 453 micro g a f t e r  
s t e r i l i z a t i o n  compares favorabl  
with tha t  of  555 n icro  g 
obtained wi th  the Ablecast 
147-1 epoxy. However, i n  view 
of the  s t a b i l i t y  requirements 
of t h i s  program, the  453 micro 
g bandwidth can be only 
considered as j u s t  marginal. 

Concludins the  r epor t  on the 
appl ica t ion  o f  the Scotchweld 
EC-2258 e'poxy i t  may be 
mentioned that  a t  f i r s t  some 
d i f  f icu  1 t i e s  were encountered 
i n  a t tach ing  the spriws t o  thc 
pendulum suppor ts .  The f irst  
attempt f a i l e d .  During the 
second building o f  t h e  acceler-  
ometer the improved method 
proved successful  as was 
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3 . 1 . 2 Laser Welding 
. .  

demonstrated during two fur ther  
rebui ldings,  the f i rs t  of whish 
was needed because the torquer 
c o i l  windings fa i led,  the 
second because o f  the accidenta 
breaking o f  the spr ings  
mentioned above, The f a i lu re  o 
the torquer c o i l  windings i s  
reported on I n  de t a i l  i n  s e c t i o  
3.2 o f  t h i s  r epor t ,  

Supplement No. I, ,ppendix 2 of  B e l l ' s  "Proposal 
f o r  Design o f  a S t e r i l i z a b l e  Acceleroneter", B e l l  
Report No. 60002-440-1 o u t l i n e s  some i deas  concern- 
ing a pendulum designed f o r  l a s e r  welding o f  the 
junct ion f rom the spr ing  tabs t o  the  pendulum supp- 
o r t s .  Th i s  approach was suggested because i t  i s  
an t i c ipa t ed  tha t  a metal t o  metal junct ion w i l l  
y i e l d  a b e t t e r  bias  s t a b i l i t y  than an adhesive 
j o i n t  . 
The corresponding par t  of B e l l ' s  proposal was n o t  
included i n  the  present  program. 
B e l l  was of fered  the opportunity t o  perform sore  
laser welding a t  the George Elarshall Space Flight 
Center, an ob jec t  was chosen fo r  these experiments 
t h a t  promised t o  render some i nd ica t ions  concerning 
the f e a s i b i l i t y  o f  t he  laser welded spr ing J o i n t  
and that ,  In addi t ion ,  o f fe red  the p o s s i b i l i t y  t o  
e l iminate  the  app l i ca t ion  of an adhesive i n  the 
pendulum area,  namely the  securing o f  the pendulum 
supports t o  the  torquer  c o i l  form. 
ing e f f o r t s  a r e  described i n  Qu.R.3 pages 14 t,:?r-~ 

However, when 

The correspond- 
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As a first s t e p ,  a schedule was es tab l i shed  g iv ing  
best results on the mater ia l  involved, namely 
aluminum, This  schedule i s  as follovls: P u l s e  time 
5 milliseconds,  weld diameter ,020 inch, The 
vol tage was var ied between 1475 and 1550 v o l t s ,  
The laser welder used i s  of the type LMT-21. 

Experiments were conducted on some parts t h a t  w 
rejected f o r  dimensional out o f  tolerance .condition: 
not a f f e c t i %  the welding. The q u a l i t y  of  the weld 
j o i n t s  was determined by v i sua l  inspec t ion  only. 

Conditions under which s a t i s f a c t o r y  r e s u l t s  would 
be obtained were es tab l i shed .  Socle modifications 
i n  the  design o f  the supports i n  the  junct ion area 
appear indicated.  In t roduct ion  of laser welding i n  
the present  progran i s  no t  considered, A conclusior 
concerning the a p p l i c a b i l i t y  o f  laser welding t o  the 
junct ion of t he  springs t o  the supports was not  
a r r i v e d  a t .  
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NOTE: 
I n  the Mechanical Assembly 

The above report  on the at tempts  a t  l a s e r  welding 
concludes the descr ip t ion  of  the  e f f o r t s  made i n  
the area of the spring-to-support bond which, as 
already s ta ted ,  represents  the most involving 
s ing le  item i n  the a rea  o f  the mechanical assembly. 
The balance o f  problem a r e a s  o f  the mechanical assel 
b l y  i s  divided i n t o  two main groups according t o  
the type of material involved. 

Concerning the  Balance of Problem Areas 

Sect ion 3.2 dea ls  w i t h  the nonmetallic mater ia ls ,  
s ec t ion  3.3 with the metals. The deposi ts  observed 
a r e  all believed t o  be nonmetall ic and are reported 
on i n  sec t ion  3.2. 

The a c t u a l  inves t iga t ion  of  both groups of  mater ia l t  
was conducted simultaneously as follows: 

As a first  s tep,  B e l l  provided JPL with a Product 
B i l l  of  I4aterial  listing a l l  the p a r t s  and v a t e r l a l :  
used i n  the o r i g i n a l  Model VIIB-5 accelerometer . 
JPL has checked t h i s  B i l l  of Mater ia l  and lden t i f i ec  
those mater ia ls  tha t  a r e  e i t h e r  ob jec t iona l  o r  
undesirable,  o r  that  could be replaced by  b e t t e r  
s u i t e d  mater ia ls .  

As a next s t ep ,  JPL  has furnished t o  B e l l  th ree  
spec i f ica t ions’  which Bell has used t o  i d e n t i f y  
replacement mater ia ls  . These spec i f i ca t ions  a re :  

JPL Spec. 9JR 500304 
Polymeric and o the r  nonmetallic mat&rials, 
Preferred 

JPL Spec. WR 500305 
Metals, Preferred 
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JPL Spec. k!D 500306 
Process Specif icat ions,  Preferred 

I n  f 'urther steps t o  i d e n t i f y  problem areas ,  B e l l  
has submitted two accelerometers of  o r i g i n a l  
design t o  the'  environment of  temperature s t e r i l i z a -  
t i on ,  
kours each one continuous soak of  360 hours a t  
275OF was appl ied,  
hermetical ly  sealed and f i l l e d  wi th  helium. 
acceierometers were opened up  and v i sua l ly  
Inspected for  the e f f e c t s  of the temperature s t e r i l  
i za t ion .  
on bo th  accelerometers were mainly iden t i ca l .  

Instead of  performing s ix  soaks of  s i x t y  

Both accelerometers were 
The 

It appears noteworthy that  the f ind ings  

The observations made on the two accelerometers 
helped t o  i d e n t i f y  mater ia l s  requir ing replacement 
and t o  show up problem areas  such as the appearance 
of deposi ts  which had not  shown up before terqera-  
t u r e  s t e r i l i z a t i o n  was appl ied.  lPJhere appl icable ,  
replacement r a t e r i a l s  were. selected .from JPL Spec . 
WR 500304 and some experimentation ca r r i ed  out .  

All the  Information t h u s  obtained was used t o  
determine the configurat ion of  the mechanical 
assembly of accelerometer Ill-225 which, besides b e i q  
used t o  evaluate  t h o  S c o t c h e l d  ZC-2258 epoxy, was 
used as a c a r r i e r  f o r  experinentat ion v i t h  replace- 
ment materials. A t  the end of the report ing per iod ,  
t he  accelerometer )I-225 was not ava i lab le  f o r  
disassembly and insp9ct ion,  so t h a t  the  correspondir 
resuJts are  n s t  ye t  known. 
performed on accelerometer M-225 gave n3 indicat iDn 
of any disturbances i n  the area o f  the mechanical 
assembly through temperature s t e r i l i z a t i o n  o ther  
than the increase o f  the f l ip-f lop bandwidth 

The h n c t i o n a l  t e s t s  
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late 22 A u g u s t  1967 [ Cleveland Operations 60007 -029 I 
reported on i n  sec t ion  3.1.1.2.2. T h i s  increase 
is believed t o  be unrelated to  the i tems l i s t e d  i n  
the sect ions 3.2 and 3.3. 

3.2 Nonmetallic Mater ia ls  

For d e t a i l s  see Qu.R.1, pages 11 through 18 and Qu.R.2, 
’ pages 17 through 22. 

The inves t iga t ion  of the nonmetallic materials i s  reported 
on i n  two sect ions.  The first, sec t ion  3.2.1 covers the 
deposi ts ;  the second, sec t ion  3.2.2 covers the mater ia l  
inves t iga t ion  proper. 

It i s  noted, t h a t  i t  has not  been possible  t o  l i n k  the 
deposi ts  t o  any par t , icular  type of nonmetallic mater ia l  
used i n  the accelerometer. It i s  hop’ed t h a t  the replace-  
ment of object ional  o r  questionable materials will 
elirnina.te the‘deposi ts .  Eow far t h i s  condi t ion has been 
achieved. i n  accelerometer .I{-225, which i n  i t s  l a t e s t  
configurat ion contains numrous replacement mater ia ls ,  
is not; y e t  known. 

3.2.1 Deposits 

As mentioned before, the  deposi ts  have been observe{ 
i n  accelerometers of o r i g i n a l  design that  were 
submitted t o  a t e q e r a t u r e  o f  275’ 
Both accelerometers were hermetical ly  sealed and 

for 360 hours .  

. f i l l e d  with helivm. 

The f i rs t  type of depDsit was found only i n  one 
of  the two accelerometers. T h i s  deposi t  i s  smoth ,  
white t ransparent ,  and s t icky .  It was found on 
outer  surfaces  of the nlagnet housings and would not  
impair the performance o f  the accelerometer. It i s  
believed t o  be a remainder of f l u x  and that  
thorough cleaning would avoid its appearance. 

I 
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The second type o f  deposi t  s e t t l e d  mostly on copper 
containing metal pa r t s ,  g iving them a shin3 appear- 
ance. 
meters. It d id  not  appear on the  brass capacitance 
rings contained in s ide  o f  the  magnet assemblies, 
which ind ica t e s  that i t s  source l i e s  outs ide of  
the  magnet assemblies. This deposit ,  too, could 
Le due t o  remains o f  flux. It, also, would not  
Impair the performance o f  the accelerometer. 

mls depos i t  was observed I n  both accelero- 

The t h i r d  type o f  deposi t  could, i f  b u i l d u p  
continued, lead to  a ca tas t rophic  f a i l u r e .  It i s  
white opaque and granular.  It was found nsinly 
i n  the airgap of the magnetic f lux path, nanely 
on the I. D, of the  magnet housing and on the  0. D,  
o f  the aluminum c o i l  form. 
that  p a r t  of the I. D. o f  the magnet houslng th2 t  
is opposite t o  the c o i l  windings of the pendulurm. 
The I. D. o f  the  c o i l  form and the 0. D. o f  the 
flux p l a t e s  remained f r e e  o f  the deposi t ,  the  g r a i n  
s i z e  of whichagenerally i s  between ,001 and .GO3 
Inch. 
housing and the  0. D. of the torquer c o i l  form tinis 
is near ly  enough t o  bridge the airgap.  
suspected that the  d e p o s i t  o r ig ina t e s  from t he  F9A-, 

epoxy appl ied  to the  torquer c o i l  windinss. I n  the  
latest configuration of  accelerometer 171-225 this 
epoxy has been replaced by Epon 828 Z which i s  
l i s t e d  among the prefer red  m t e r i a l s  i n  JPL Spec. 
WR 500304. 
pending 

It appears rcdstly on 

I n  the a rea  between the I. D. of' the  mzgnet 

It i s  

Inspect ion o f  t h i s  accelerometer i s  

I n  one acceleronzter  a f u r t h e r .  type of deposlt  
was observed i n  the  same area  as  the white 



opaque granulated deposi t ,  namely an extremely 
t h i n  even coverage o f  l i g h t  brown which d id  not  
appear t o  be r u s t .  This deposi t  would no t  a f f e c t  
the  accelerometer performance. From the  co lor  o f  
the  deposi t  it was f e l t  t h a t  i t s  o r i g i n  could be 
the  i s o n e l  type 155 magnet wire in su la t ion .  I n  the 
rebui lding of accelerometer M-225, magnet wire 
i s o l a t e d  by heavy i s o n e l  type 200 has been used. 
This insu la t ion  i s  r a t e d  for 185'~ (365OF) by the  
manufactures . 

3.2.2 Normetallic Mater ia ls  Proper 

The sequence of  the  ma te r i a l s  l i s t e d  below i s  not  
s y s t e m t i c  except that those showing a Mgh degree 
of de t e r io ra t ion  a r e  l i s t e d  f i r s t .  I n  a l l  cases,  
the JPL rating i s  ind ica ted .  For evaluat ion o f  
the e f f e c t s  o f  temperature s t e r i l i z a t i o n  on the 
nonmetallic mater ia ls ,  v i s u a l  Inspect ion and 
subjec t ive  evaluation p rope r t i e s  as  sthckyness o r  
b r i t t l e n e s s  have been appl ied.  It i s  recognized 
that v i sua l ly  de tec tab le  d e t e r i o r a t i o n  zlone i s  not 
a v a l i d  c r i t e r i o n  for the  acceptance o r  redectlon 
of  a mater ia l  s ince  o ther  areas such as outg:zssing 
a r e  not  covered. For t h i s  reason, Bel l  has m d e  
e f f o r t s  t o  replace a rriaterial not contained i n  
JPL's l i s t  o f  p refer red  mater ia l s  by a JPL  
prefer red  material ,  even i f  no v i s i b l e  sisns of  
de t e r io ra t ion  are found. Where appl icable ,  the 
r e s u l t 3  of  e.uperimentation wi th  replacement 
mater ia l s  are given and the  replacement mater ia ls  
used i n  the l a t e s t  configurat ion of accelerometer 
M-225 are named. 
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3.2.2.1 Tuf-On 7 4 7 4  

JPL ra t ing:  ObJectional 

T N s  mater ia l  is appl ied t o  cover t ha t  
p a r t  of the surface of the magnets remain- 
ing f r e e  a f t e r  the magnets are r o l l e d  i n  
and the flux p l a t e s  a r e  a t tached.  This i s  
done t o  prevent t i n y  p a r t i c l e s  that  could 
be r e l a t i v e l y  loose i n  cracks and p i n .  
holes from breaking loose and f inding the i r  
way i n t o  the  a i rgap  by magnetic a t t r a c t i o n .  

The Tuf-on, o r i g i n a l l y  a c l e a r  mater ia l ,  
was found ' to  be completely discolored 
t o  brown or gray depending upon the  
thickness appl ied.  

I n  an e f f o r t  t o  i d e n t i f y  a replacement 
mater ia l  some experimentation with Epon 
828 Z was conducted. A t h i n  f f l m  o f  t h i s  
mater ia l  was appl ied t o  two zagnets which 
were subjected to a terrperature s t e r i l i z a -  
t i on  cycle  of  360 hours a t  275OF. The 
Epon 828 2 f i l m  was found t o  be discolored 
t o  a brownish hue; however, i t  d id  not  
show any tendency t o  f lake  off'. When 
appl ied t o  the m g n e t  surfaces  the epoxy wa 
c lea r  and i t  was then hard t o  see  i f  a l l  ba 

. areas  were covered. The d isco lora t ion  show 
t h a t  t h i s  Vias not  the  case.  It appears 
t h a t  a mater ia l  wi th  a b e t t e r  whetting 
ac t ion  would be preferable .  Until such 
a mater ia l  i s  iden t i f i ed ,  i t  i s  planned 
t o  apply Epon 828 Z in. these a reas  of  the 
magnet surface showing crevices  o r  pinholes  
The surfaces  would be l e f t  bare if c lose  
inspect ion shows t h a t ' t h e y  a r e  f r e e  o f  
flaws . 
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3.2.2.2 #5 - E l e c t r i c a l  Tape (314) 

JPL rating: Objectional 

This tape i s  used t o  cover through 
holes i n  the i n t e r i o r  of the  magnet housin 
t o  prevent p m e t r a t i o n  of  foreign matter.  
After temperature s t e r i l i z a t i o n  the  tape 
was found t o  be very b r i t t l e  b u t  s t i l l  
cl inging t o  the magnet houslnz by means 
of  the adhesive which r emined  s t icky .  
I n  one of  the two accelerometers i n v e s t i -  
gated the adhesive appears t o  have sof tene 
under the inf luence of  heat  and t o  have 
flowed togeth2r i n  the hole  a reas .  It 
appeared fur ther ,  t ha t  the  thic!mess o f  
the tape propzr had been recluced. 

As a s u b s t i t u t e  mater ia l  the Mystik tape 
7352, which i s  l i s t e d  on page 28 of J P L  
Spec. WR 500304, was se lec ted  f o r  e>Teri- 
mentation. A sample of  t h i s  tape wzs 
appl ied t o  the outs ide of  one masnet 
h3usit-g of  accelerometer 1.1-225 trhen t h i s  
u n i t  was r e b u i l t  f o r  the evaluat ion of  the 
Ablecast 147-1 epDxy. Inspect ion showed 
t h a t  t in?  tape had p a r t l a l l y  separated from 
the nagnet housizg and had l o s t  its 
adhesive q u a l i t i e s  where separated f r o 3  t h  
magnet housing. This t e s t  was not  canside 
ed conclusive because the saz2le nis'n'; hav 
been overaged. For confimArg, accelcro-  
meter 1:-225, in i t s  l a t e s t  c a n f i ~ v r a t i o i i  
has been rebuilt with a new batch ;>f the 
N y s t i k  tape 7352; the  ' tape vas appl ied t o  
the i n t e r i o r  of  the magnet housings. In-  
spect ion a f t e r  te rqera ture  s t e r i l i z a t i m  
has not  ye t  been per formd.  
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3.2.2,3 #55 E l e c t r i c a l  Tape (3M) 

. .  

3.2,2,4 

For reference see Qu.R.2, page 22, 
Evaluation of Mystik Tape 7300. 

JPL rating: not  l i s ted .  

The e l e c t r i c a l  tape #55 I s  used on the 
o u t s i d e  of  magnet housings t o  cover peep- 
holes allowing observat ion of the pendulum 
alignment, The Myst ik  tape 7300, a l s o  
l i s t e d  i n  JPL Spec. FIR 500304, was selectel  
as  a replacement. A sample, which a l s o  
might have been overaged, was subjected t o  
temperature s t e r i l t z a t i o n  along with the  
Mystik tape 7352 i n  accelerometer M-225. 
Inspect ion a f t e r  temperature s t e r i l i z a t i o n  
revealed tha t  the tape had separated i n t o  
two components: the tape proper and the  
adhesive, The tape p r o p r  was fotlnd t o  be 
very b r i t t l e .  Accelerometer PI-225, i n  I t s  
l a t e s t  configurat ion,  contains  a saz21e o f  
the 7352 tape taken from a new batch of  
mater ia l .  m'e e f f e c t s  o f  temperature 
s t e r i l i z a t i o n  s t i l l  remain t o  be inves t i -  
gated,  

Nylon 

JPL r a t ing :  object ions1 

T h i s  mater ia l  has been used f o r  spzcers 
placed bet:!een the magnet housings and 
the t o p  cover o f  the accelerometer.  The 
purpose i s  to lim3.t the t i l t  o f  the top 
cover. V i s i l a l  tnspect ion a f t e r  tenpera- 
ture  s t e r i l i z a t i o n  did.' not  d i sc lose  any 
s igns of de t e r io ra t ion .  I n  t he  present  
design of the s t e r i l i z a b l e  accelerometer, 
the spacers  a r e  no lonser  used. 
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3.2.2.5 Formvar Insu la ted  Wire 

JPL ra t ing :  Not des i r ab le  

The wire i s  used t o  connect the ends of 
the torquer c o i l  windings t o  the  spr ing 
tabs. V i s u a l  inspect ion a f t e r  temperature 
s t e r i l i z a t i o n  revealed no s igns of  d e t e r i o r  
a t ion .  The magnet wire in su la t ed  with 
heavy I sone l  type 200 w i l l  be used t o  re-  
place the Formvar in su la t ed  wire. 
Accelerometer M-225 I n  i t s  most recent  
conf igura t ion ,conta ins  the heavy I sone l  
type 200 wire. The replacement of  the  

. 'Formvar in su la t ed  wire by Formex insu la t ed  
wire (See Qu.R.2, page 20) i s  no longer 
considered f o r  reasons explained I n  
sec t ion  3.2.2.7 o f  t h i s  repor t .  0 

3.2.2.6 Polyolefin 

JPL ra t ing :  Not des i rab le  

RNF 100 heat  shrinkable sleeving i s  used 
t o  provide s t r e s s  ' r e l i e f  i n  the  a rea  
where the capacitance leads a r e  a t tached  
t o  the  capacitance r ings  . V i s u a l  inspect-  
ion a f t e r  temperature s t e r i l i z a t i o n  
revealed no s igns  o f  de t e r io ra t ion .  

Rayclad Kynar shrinkable t u b i n g ,  l i s t e d  

se lec ted  as a replacement mater ia l .  
Experimentation i n c l u d i q  exposure to  the 
temperature s t e r i l i z a t i o n  environment was 
performed and showed' s a t i s f z c t o r y  results . 
For reference see Qu.R.3, page 14, s ec t ion  
1.2.4. 

* on page' 26 o f  JPL Spec. N? 500304, was 
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Isonel  $!ire Type 155 

JPL rating: Not l is ted 

This wire i s  used i n  s tandard VIIB 
accelerometers t o  wind the torquer  c o i l .  
(Transi t ion t o  Ismel type 200 i s  underway 

Post s t e r i l i z a t i o n  inspec t ion  performed on 
the  first accelerometer involved revealed 
no s ign  of  de te r iora t ion .*  I n  the second 
accelerometer the surface o f  the winding 
looked l e s s  shiny than before temperature 
s t e r i l i z a t i o n .  The I sone l  type 155 i n su la  
t e d  wire i s  rated a t  275OF by the  manufac- 
t u re r ,  which i s  marginal. 

It was decided t o  r e b u i l d  acceleroneter  
M-225 wi th  Formex insu la t ed  wire ( see  
JPL Spec. WR 500304, page 31). 
i n  Qu.R.3, page 10, the c o i l  wound with 
the Formex insu la t ed  wire f a i l e d  when the 
pendulum assembly was r e b u i l t  wi th the  
Scotchweld EC-2258 epoxy i n  the  spring- 
to-support joints. 
cure o f  1 hour a t  35O.OF. 
the  c o i l  was evidenced by a change i n  
res i s tance  o f  the torquer  c o i l  from 14 ohm 
before the curing o f  the EC-2258 epoxy t o  
6 ohm a f t e r  the curing. 

As reportec 

This epoxy requi res  a 
The failure o f  

. .  

A t  t h i s  point ,  I t  was decided t o  rebui ld  
the torquer  c o i l  with I sone l  type 200 
wire which was ava i l ab le  i n  house. This 
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3.2.2.8 

. .  

3.2.2.9 

wire i s  r a t e d  a t  365OF by the manufacturer 

Accelerometer M-225 was accordingly r e b u i l  
and has s ince  undergone temperature 
s t e r i l i z a t i o n  without f a i l u r e  of  the torqu 
c o i l .  Inspect ion of  the torquer  c o i l d  f o r  
possible  e f f e c t s  of  temperature s t e r i l i z a -  
t i on  i s  pending, 

FTA-2 Epoxy (Bacon) 
JPL rating: ; Not l i s t e d  

T h i s .  epoxy was se lec ted  f o r  the app l . i ca t io~  
t o  c o i l  windings which are located i n  an 
inner  groove of the c o i l  form. (See Qu.R.: 
page 15) The FFA-2 epoxy has a l s o  been 
used t o  secure the  c o i l s  wound on coilform: 
w i t h  ou ter  grooves, Th i s  was the  case on 
the two accelerometers o f  o r i g l n a l  design 
which were submitted t o  temperature 
s t e r i l i z a t i o n .  No adverse e f f e c t s  on the  
windings, however, the FFA-2 epoxy i s  a 
prime suspect  as source o f  the white opaquc 
granulated deposi t  found i n  the magnetic 
a i rgap of the  accelerometer. 

When the accelerometer FI-225 was r e b v i l t  
t o  i t s  l a t e s t  configuration, Epon 828 z 
was used t o  secure the torquer  c o i l  
windlngs i n  the c o i l  form groove. 
remains t o  be seen i f  the appl ica t ion  of  
the Epon 828 Z epoxy has el iminated the 
white opaque granular  deposi t ,  

It 

Locktite,  Grade A 

J P L  ra t ing :  Acceptable, b u t  no t  des i rab le  
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This mater ia l  i s  used t o  secure screws, 
ei ther In the  thread o r  a t  the head, o r  
both. After  temperature s t e r i l i z a t i o n  a13 
screws were found s t i l l  secured b u t  i t  has 
been poss ib le  t o  loosen them with an 
adequate torque. No signs of  de t e r io ra t io  
were. detected,  Replacement materials have 
not been evaluated t o  date. 

3.2.2.10 Epon 828 D 

. .  . 

. .  .. 

JPL rating: Not l i s t ed  

I n  s tandard Model V I I B  accelerometers, 
Epon 828 D i s  appl ied f o r  two purposes: 
first, t o  a t t a c h  the flux p l a t e  t o  the 
magnets; second, t o  bond the Diamonite 
Insu la tors  t o  the base p l a t e  and t o  the 
spr ing clamps. Especial ly  the l a t t e r  
appl ica t ion  requi res  r e s i l i e n c e  o f  the 
bonding mater ia l  ( f o r  reference see 
Q u e  R. 1, pages 16 t h r u  18 and Qu. R. 3, 
sec t ion  1.2.2) . 
I n  an  e f f o r t  to  replace the Epon 828 D 
by a JPL recommended mater ia l ,  accelero-  
meter M-225 has been r e b u i l t  with D o n  
828 Z i n  the above named appl ica t ions ,  
Epon 828 Z is  l i s t e d  on page 5 o f  JpL 
Spec. WR 500304. 

, t h i s  change have been not iced dur ing  t h e  
fabr ica t ion  of t h e  accelerometer, spec i f i -  
c a l l y  during the  gr inding operat ion 
performed on the Diamonite i n s u l a t o r s  
after t h e i r  bonding t o  t h e i r  c z r r i e r s .  
The performance of  the accelerometer 
before and a f t e r  tenperature  s t e r i l i z a t i o n  
does not  i nd ica t e  any o t h e r  adverse e f fec t :  

I 

No adverse e f f e c t s  o f  
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Inspection o f  the subassemblies i n  which 
the Epon 828 Z was appl ied f o r  poss ib l e  
v i s i b l e  e f f e c t s  o f  temperature s t e r i l i z a -  
t i o n  i s  pending . 

3.3 Metals 

The experimentation with the two accelerometers o f  o r i g i n a l  
design has shown that meta l l ic  p a r t s  were unaffected by 
temperature experimentation except f o r  s l igh t  discolorat ion:  
which were observed mainly on n icke l  p l a t ed  s o f t  i r o n  
surfaces  and on some brass p a r t s .  It i s  f e l t  tha t  
instrument performince could not  have been a f f ec t ed  by 

% these changes. 

One inc ident ,  already mentioned i n  sec t ion  3.1.1.2.2 o f  
t h i s  repor t ,  namely the s t i c k i n g  of the  pendulum i n  
accelerometer M-225 is f e l t  t o  be assoc ia ted  with the 
brass  used i n  capacitance rings. St icking of the pendulum 
has been observed on r a r e  occasions i n  o the r  programs and 
may, i f  not  eaused, a t  l e a s t  be acce lera ted  by temperature 
s t e r i l i z a t i o n .  I n  former cases  a very .  s l i g h t  Cutgrowth 
on the  capacitance r ings  was o'bserved, and t h i s  outzrowth 
i s  believed t o  be due t o  the impurity o f  tine brass; removal 
of the  outgrowth has remedied the s t i ck ing  s i t u a t i o n .  

There is a l s o  t n e  p o s s i b i l i t y  t h a t  t he  st icklriq i s  caused 
by a deposzt on the capacitance rix?!s. Actually,  no 
such deposi t  has been seen on the capacitance rh?gs o f  
the two accelerometers o f  original design tha t  were subjectt  
t o  temperature s t e r i l i z a t i o n .  Further,  i t  i s  f e l t  t ha t  the 
in t roduct ion  o f  JPL prefer red  nonmetallic mater ia l s  w i l l  
reduce the tendency - i f  i t  ever ex is ted  - of the formation 
of de'posits. 
metal s i d e  o f  the inves t iga t ion .  

For t h i s  reason, emphasis i s  plzced on the 
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E f f o r t s  a r e  underway i n  a company funded program t o  
avoid the s t i ck ing  o f  the pendulum by making the  
capacitance r ings  out o f  t i tanium r a t h e r  than brass. 

Two accelerometers have been equipped with t i tanium 
capacitance r ings .  However, a problem arose,  namely 
t o  produce a proper connection of the  capacitance leads 
t o  the capacitance r ings.  
solved . This  problem has not  y e t  been 

Ins tead  of using titanium, i t  i s  contemplated i n  the 
immediate appl ica t ion  t o  the s t e r i l i z a b l e  accelerometer 
t o  apply surface protect ion t o  the brass capacitance 
r ings.  Th i s  involves new s t eps  i n  the accelerometer 
assembly procedure. 

, 

These new s t eps  a r e  explained below: 

I n  the  magnet housing-capacitance ring assemblies of the 
standard Model .VI1 accelerometers, the dis tance between 
the pick-off surface of  the capacitance rirg and the  
reference surface o f  the magnet housing i s  cont ro l led  with. 
f 50 micro inch. 
the  pick-off' surface of each capacitance r i n g  i s  mchined 
while the capacitance r ing  i s  i n s t a l l e d  i n  the magnet 
housing. 
surface pro tec t ion  would have t o  be appl ied t o  the capaci- 
tance ring. 
magnet housing i s  f e l t  t o  be mandatory f o r  the process o f  
surface protect ion.  Care xould have t o  be taken t o  assure  
t h a t  i n  the process of re-assembly, the p ick-of f -sur face  o 
the  capacitance rings I s  res tored  accura te ly  t o  i t s  posit ic 
a f t e r  machining. A procedure t o  ob ta in  t h i s . r e s u l t  has 
been establ ished:  t he  three  jewel washers used as spacers 
between the capacitance riw and the magnet housing a r e  
bonded t o  the msgnet housing, e.@;., by  means o f  an epoxy, 
so  t h a t  t h e i r  posi t ion does not change when the capacitancl 
ring is removed. 

I n  order t o  ob ta in  this high accuracy, 

It i s  a f t e r  t h i s  machining operation that  the 

Removal o f  the capacitance r ing  from the 

I n  accelerometers o f  present  design, 
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the Jewel spacers a re  he ld  i n  pos i t i on  by f r i c t i o n  only. 
The capacitance r ings  on s tandard Model V I 1  accelerometers 
a r e  not  removed a f t e r  machining o f  the pick-off surface.  
When the suggested procedure of removal and re-assembly 
i s  applied,  i t  w i l l  evident ly  be necessary t o  re- inspect  
the magnet housing-capacitance ring assembly t o  assure  
proper posi t ioning of  the pick-off surface.  

The corresponding development program was performed d u r i n g  
the four th  quar te r ly  report ing period. 
phases: 
p ro tec t ion  procedure; second, the appl ica t ion  of  the  

. assembly procedure descritoed above t o  an ac tua l  magnet 
housing - capacitance r ing  assembly. 
e f f e c t s  of  temperature s t e r i l i z a t i o n  were evaluated. 
The first types of surface pro tec t ion  experimented with 
were products o f  the Hanovia Liquid Gold Division of 
Engelhard Indus t r ies ,  Inc.  namely: 

It involved two 
f irst ,  the i d e n t i f i c a t i o n  of  an adequate surface 

I n  both  phases the 

Liquid Br igh t  Gold 
Liquid Bright.Platinum . . Number 05 

Number 6854 and 

The r e s u l t s  obtained on the brass capacitance r ings  were 
no t  satisfying. The f l u i d s  were appl ied by brush .  After 
f i r i n g  the coat i% was found t o  be uneven and br lght  on ly  
in l imi ted  areas .  
maintain the proper pos i t ion  o f  the pick-off surface a f t e r  
r e - i n s t a l l a t i o n  of the capacitance r i n s ,  thecs e f f o r t s  
were discontinued. 

Since even coati-  i s  e s s e n t i a l  t o  

. .  

Next, a chromating process was appl ied rendering an even 
shiny surface which w i l l  readily accept  60/40 S N  60 solder .  

Further,  a process of  e l e c t r o l e s s  gold  p l a t i n g  was used. 

The chemicals were obtained from Technic, Inc.  
i s  designated as Oromersc, Imnersion .24 PI! Gold. 

The process 
Accordiras 
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t o  information from the suppl ier ,  a coverage of 3 p Inch 
b u i l d s  u p  i n  abou t  15 minutes. Further  submersion adds 
only very l i t t l e  t o  the  f i l m  thickness .  Two capacitance 
rings were,accordingly t r e a t e d  and placed i n t o  an oven 
a t  275OP where they remained for 360 hours. . 
It may be mentioned tha t  the capacitance rings used f o r  
the above experimentation were p a r t s  which, i n  o the r  
programs, had been r e j ec t ed  f o r  being dimensionally ou t  
of spec i f ica t ion .  

The chromated p a r t s  and the p a r t s  p l a t ed  with Oromerse 
were subjected to temperature s t e r i l i z a t i o n .  The chromtec 
p a r t s  were found t o  be discolored t o  a d u i l  dark brown. 
The two capacitance rings treated with Oromerse appeared 
unaffected by temperature s t e r i l i z a t i o n ;  t h e i r  surfaces  
looked b r igh t  and shiny. 

The complete assembly procedure involving the  bonding 
of the jewel spacers t o  the magnet housing, removal 
o f  the capacitance r ing  and re-assembly a f t e r  surface 
pro tec t ion  o f  .the capacitance r i n g  was t r i e d  out  on 
a subassenbly comprising the magnet housing wi th  the  
s e r i a l  number S-4OB. The surface treatment involved 
was e l e c t r o l e s s  gold p la t ing ,  Oromerse. The r e b u i l t  
subassenbly was put  into a t m p e r a t u r e  s t e r i l i z a t i o n  
cycle.  

Four s e t s  o f  measurements - each con2ris ing three po in t s  
- were taken t o  determine the pos i t i on  o f  the pick-off 
surface with respect  t o  the reference surface of the 
magnet housing: a f i rs t  s e t  providlng reference values; 
a second s e t  a f t e r  bonding of the jewel spacers  t o  the 
magnet housing, whereby the capacitance ring s t i l l  
remained at tached t o  the magnet housing an?, f i n a l l y ,  a 
t h i r d  s e t  after r e - i n s t a l l a t i o n  of  t he  surface t r e a t e d  
capacitance r i n g .  
a t u r e  s t e r i l i z a t i o n  cycle  was completed. 

A fourth s e t  was taken a f te r  the tenpep. 



Fig. 1 LOCATION OF CHECKPOINTS 
, 

Housing S e r i a l  No. 

Type o f  S u r f a c e  Treatment:  

a 

T a b l e  4 PICK-OFF SURFACE DROP READINGS 

'--. c 

Set No. 1 I n i t i a l  measurements a f t e r  machining of pickoff 
s u r f a c e .  

Se t  No. 2 After Bonding of jewel e p a c e r e  t o  magnet houeing.  

After set  No. 2 o f  readings i e  t a k e n ,  t h e  c a p a c i t a n c e  r i n g  is 
removed from t h e  magnet hous ing .  After Eur face  t r e a t m e n t  the  
c a p a c i t a n c e  r i n g  is r e - i n s t a l l e d  I n  t h e  magnet houeing .  

Set  No. 3 After r e - i n e t a l l a t i o n  of c a p a c i t a n c e  r i n g .  

Se t  No. 4 After temperature s t e r i l i z a t i o n  ( o n  e x p e r i m e n t a l  
t e e t  eamplee only. Does n o t  a p p l y  t o  d e l i v e r a b l e  
a c c e l e r o m e t e r a ) .  
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The three  poin ts  a t  which the  pos i t ion  of  the pick-off 
surface with respect  t o  the reference surface of the  
magnet housing was measured a r e  shown i n  Figure 
49. The r e s u l t s  a r e  l i s t e d  i n  Table  4, 

1, page 

As was t o  be expected, ' the  bonding of  the jewel spacers  
t o  the magnet housing d id  n3t very much a f f e c t  the  positioq 
o f  the  pick-off surface as a comparism of  the r e s u l t s  o f  
S e t  #2 t o  those of Se t  #1 shows, After r e - i n s t a l l a t i o n  
of the capacitance ring, S e t  #3, t he  pick-off surface was 
found t o  be abou t  40 p inch (average) lower than i n  i t s  
I n i t i a l  pos i t i on  according t o  Se t  #le 
minu'te p a r t i c l e s  s e t t l e d  between the shoulder surfaces  of  
the capacitance r ing  and the jewel spacers.  
o f  the capacitance r ing  i s  ruled out  because the f i l m  
thickness  should not exceed 3 p inch. 

This could be due tc 

Uneven coatin:  

The drop'from the magnet housing reference surface t o  tne  
pick-off surface is t o  be within the  l i m i t s  o f  ,0814" 
and ,0815". It appears t h a t  i n  the posi t lor ,  o f  Se t  $1 
the pick-off surface loca t ion  was out  of spec i f i ca t ion  
by 30 p inch a t  2 points  (both poin ts  a r e  too high) .  The 
o r i g i n a l  inspect ion record dated 1-12-1965 indica ted  a low 
poin t  with a drop of .0815O" and a high poin t  wi th  a drop 
of .08145". The difference behieen the t%o sets o f  r ead iq  
i s  not  explained. It should, however, be noted t h a t  the 
accelerometer of which the  magnet housing-czpacitance 
r ing  assembly formed a part was subjected t o  a tenperature  
s t e r i l i z a t i o n  cycle be tmen  the two sets of measurements. 
After  r e - in s t a l l a t ion  of tine capacitance riw the drop i s  
within spec i f ica t ion  which, however, appears t o  be 
inc identa l ,  as i s  indicated by the  readings Se t  No. 4, takc 
a f t e r  temperature s t e r i l i z a t i o n ,  which: show tha t  the 
capacitance ring has, f o r  a l l  p r a c t i c a l  purposes, regained 
the pos i t i on  i t  had before the procedure was s t a r t e d  (see 
Se t  #I). 
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It i s  intended t o  apply the above procedure, involving 
Oromerse pro tec t ion  o r  equivalent,  t o  the deliverable 
accelerometer . 

C . Elec t ronic  Assembly 

The main e f f o r t s  i n  the area of the e l e c t r o n i c  assembly were 
directed toward the d e f i n i t i o n  of a configurat ion expected t o  
withstand temperature s t e r i l i z a t i o n .  
t ed  i n  a design review, which was followed by p a r t s  procurement 
and the bu i ld ing  o f  prototypes of the  bridge transformer as well  
as o f  improved e l ec t ron ic  assemblies o f  which one was completed 
and a second lacking only a va r i ab le  capac i tor  

The def ining stage culmina- 

Experimentation involving temperature s t e r i l i z a t i o n  has n o t  
yet  been performed on the  improved e l ec t ron ic  assembly o r  on 
subassemblies. Unexpected d i f f i c u l t i e s  were encount%red w i t h  the  
variab.le capac i tors  . 
I n s t a l l a t i o n  and i t  was decided not  t o  use any o f  the four  i n  
t h i s  program, Delivery of new p a r t s  i s  not  expected bafore l a t e  
A u g u s t  1967. The only complete e l ec t ron ic  assembly was provided 
wi th  a var iab le  capac i tor  t ransfer red  from the LmI Program. 

An e l e c t r o n i c  assembly of o r i g i n a l  design, E7, f a i l e d  i n  tempera- 
t u r e  s t e r i l i z a t i o n  (360 hours a t  275OF); t he  c o l l e c t o r  r e s i s t o r  
and the transformer were found t o  be damaged. 

O f  four  del ivered,  two were brokck d u r i n g  

The design review mentioned above represents  a na jor  pa r t  o f  the 
work perforxed in the  area of  the e l ec t ron ic  assembly. 

intended t o  g ive  a sho r t  sumsry .  

It goes 
, i n t o  very much de ta i l ,  covered. in  50 pages. The following i s  

4.1 Desian Review 

. For ' f u l l  de ta i l s  see Qu.R.3, pages 19 thru 68. 

The design review covers mainly those a reas  rcqulr,nz re- 
design i n  order t o  meet the  J P L  S t e r i l i z a t i o n  Requirements. 
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I t  descr ibes  the  basic  design o f  the e l ec t ron ic  assembly, 
the  main components of which are l i s t e d  on page 20. They 
are: the upper h a l f  f i xed  bridge capaci tors ,  the p ick  o f f  
transformer and the preamplif ier .  

4.1.1 

4.1.2 

. .  

Fixed Bridge Capacitors 

The c r i t e r i a  f o r  s e l e c t i o n  of  these components are 
explained on pages 21 and 64. Besides the c a p a b i l i t ,  
of  withstanding temperature s t e r i l i z a t i o n ,  these 
capac i tors  have t o  be se l ec t ed  f o r  very c lose  t rack-  
ing  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  i n  temperature 
coe f f i c i en t s .  .. 

Pic  ko f f Trans former 

This transformer has received very detai led 
coverage i n  the design reviews ( s e e  pages 23 through 
45). Paies 35 through 45 a r e  dedicated t o  a p i c to r -  
i a l  descr ip t ion  of the manufacturing s t eps  . Perfor-  
mance c h a r a c t e r i s t i c s  a r e  discussed on pages 23 
through 27. A unique fea ture  of t h i s  transformer 
i s  i t s  center  t ap  primary which is incorporated t o  
bleed s t a t i c  charges o f  the capacitance r i n g s  t o  
ground by means o f  a bleeding r e s i s t o r .  
reasons why t h i s  design is f e l t  t o  be preferab le  
t o  a configuration applying two bleeding r e s i s t o r s  
are given on page 27. 

The 

I n  way o f  materials replacement, the  e l e c t r i c a l  tape 
#27 (3N) formerly used is replaced by biystik Tape 
7020 ( l i s t e d  on page 28 of  JPL Spec. Wk 500304); 
the heavy Isonel  type 155 insu la t ion  i s  replaced 
by the heavy I sone l  type 200 insu la t ion  on the 
magnet wire; the po t t ing  compound S tycas t  2850FT 
w i l l  be used with c a t a l y s t  #11 r a t h e r  than the  
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c a t a l y s t  #9 as l i s t e d  on page 1 4  of JPL Spec. 
. WR 500304. Performance spec i f i ca t ions  before and 

after pot t ing  are given on page 32. 

5 .  Program Schedule 

toward 
i n  the 

A t  the  end of the t h i r d  qua r t e r ly  repor t ing  period, the program 
was reported s l ipped for about 3 weeks. The s l ippage has 
increased t o  atlout 3 months a t  time of report ing due t o  the 
s t i ck ing  of  the pendulum and the acc identa l  breaking o f  the 
spr ings i n  accelerometer M-225 during the evaluat ion of  the 
Scotchweld EC-2258 epoxy. 
t o  be r e b u i l t  with new springs b u t  t h e ' f l i p - f l o p  soak t e s t  
performed before the  spr ings were broken had t o  be repeated. 
The tasks s t i l l  remaining t o  be performed i n  the program are 
the establishment of  the f i n a l  configurat ion of the de l iverable  
accelerometer, the building and t e s t i n g  of  the same aceording 
t o  Ar t i c l e  1, Sect ion (a)  ( 4 )  of the  Contract No. 951492. 
Coincidental  with the above delays, readjustment of  scheduling 
and inmediate work object ives  has been accomplished leadins  

Not only d id  the accelerometer have 

the recogni t ion of the expanded scope of work as out l i r?ed  


